Introduction
Globally there was an estimated 8.6 million new cases of tuberculosis (TB) in 2013 and 1.3 million deaths (1) . Thus, TB is still a challenge as a global health problem. Cell mediated immunity is particularly important in defense against Mycobac-terium tuberculosis (MTB) infection and many types of T lymphocytes including αβ receptor T lymphocytes (CD4+ or CD8+), cytotoxic T lymphocytes and γδ receptor T lymphocytes play their role in this regard (2) . CD4+ T cells have an essential role in this response and are supported by other T-cell subsets such as CD8+ T cells, γδ T cells (3) . The T cell lymphocyte subset profile of the peripheral blood, particularly the CD4+/CD8+ ratio, is treated as an indicator of personal immune competence to infection. Although decreased CD4+ T cell counts and changes in CD8+ T cell counts with low CD4+/CD8+ ratio are pivotal immune abnormalities in HIV patients, TB may be a cause of non-HIV associated CD4+ lymphopenia (4) . The ratio of CD4+/CD8+ now has been used as a clinically conventional index to evaluate TB patients' immunity. Despite the pivotal importance of CD4+ and CD8+ lymphocytes in antimicrobial immunity and many researchers have studied changes of CD4+/CD8+ ratio in pulmonary tuberculosis (PTB) cases, most reports of human disease are based on findings in peripheral blood and Bronchoalveolar Lavage fluid (BALF), but they have obtained not exactly the same result. Our objectives were to synthesize evidence from case-control studies to identify the change of CD4+/CD8+ ratio in PTB patients compared to healthy subjects. We presented a meta-analysis of 15 case-control studies, which provided data on CD4+/CD8+ ratio simultaneously from PTB cases and healthy subjects to answer the following question: What is the change of CD4+/CD8+ ratio in PTB cases compared to healthy subjects, higher or lower? How strong is the change? The data are combined statistically to provide a quantitative estimate of CD4+/CD8+ ratio between PTB cases and healthy controls.
Methods

Search Strategy and Study Selection
To identify eligible studies that address the value of CD4+/CD8+ ratio in tuberculosis patients, we performed a systematic literature search to identify relevant studies in an electronic database, personal reference collections of experts, reference lists of papers of interest, and published review articles. Studies published in English were searched for through PubMed and Web of Science databases. Search terms included "Tuberculosis", "TB", "PTB", and "CD4+/CD8+ ratio". Searches were limited to articles about human studies from 1990 to August 2014. We updated our searches on August 1, 2014. Inclusion criteria of the studies were met if they 1) provided or computed data on CD4+/CD8+ ratio with mean ± SD; 2) included a control group of healthy subjects without TB; 3) Patients without HIV and EPTB; 4) provide clear information of TB confirmation and information of included patients; and 5) provide clear documentation of the operative techniques for quantifying lymphocyte. If data were duplicated in more than one study, the most relevant study was included in the present analysis.
Quality assessment
Two investigators (Y.Y. and J.Q.) developed the search strategy and one investigator (Y.Y.) conducted the primary systematic search for all studies meeting the predetermined inclusion criteria. The titles and abstracts of eligible studies identified by the primary search were screened. Study quality assessment and data extraction were conducted if a study met all inclusion criteria and no exclusion criteria. A second investigator (J.Q.) checked study eligibility, quality assessment, and data extraction, for validity and consistency. Full-text papers of the identified citations were reviewed by both the primary and secondary investigators in order to select the final studies. Any discrepancy was resolved by consensus, and if needed, by consultation with the third investigator (Y.P.D.).
Data Extraction
The following data were extracted from each study: 1) the first author, year of publication, and journal; 2) the country where the study was conducted; 3) study design; 4) study population, number of cases/controls; 5) CD4+/CD8+ ratios with mean±SD; 6) Method of quantifying lymphocyte; 7) Methodological details of confirmation of TB.
Statistical Analysis
Heterogeneity of effect estimates within each group of studies were assessed by χ 2 -based Qtests and I 2 tests, where I 2 (%) > 50% or P < 0.10 was considered significantly heterogeneous (5). For continuous data, if quantitative method is the same, we adopted the weighted mean difference (MD) as our analysis index. If they used different measuring instruments or units for the same variable or there was large difference among the mean value of numerical analysis, the standardized mean difference (SMD) was adopted for analysis. We calculated 95% confidence interval (CI) of all analysis. The fixed-effects model was first fitted for all outcomes, and if the assumption of homogeneity of studies was violated (I 2 was more than 50%), the random effects model was fitted (6) . Subgroup analysis was performed to explore the potential source of heterogeneity. To investigate the potential publication bias, we visually examined the funnel plots. For robustness of results, we performed sensitivity analysis by removing studies. Data entry and analyses were carried out with RevMan 5.2 (The Nordic Cochrane Centre). Figure 1 provides the flow chart indicating the literature review process. Based on the inclusion criteria, 41 full articles were retrieved and 15 of these were included in final analysis. Some studies were excluded for the following reasons: 1) no provision of specific data on CD4+/CD8+ ratio (7-14); 2) cases of PTB was not representative, patients were divided into different groups, such as, cavitary and non-cavitary cases (15) , poor general condition and good general condition cases (4), MDRTB and NRTB cases (16); 3) there was no comparison group for healthy subjects (17-21); 4) there were EPTB and HIV patients included (22-29); 5) the method of quantifying lymphocyte subpopulation was tentative (30, 31) . All of these 15 studies were published in English. Table1 presents the characteristics of included 15 studies, n = 424 PTB cases and n = 307 healthy subjects reported. These included 10 studies researched on peripheral blood, 3 studies researched on BALF and 2 studies researched on peripheral blood and BALF simultaneously. Eleven studies quantified lymphocyte by FCM method and the rest by FM method. They were all case-control studies. Three studies (36.8%) were performed in the Iran (32-34), whereas two each (10.5%) were in China (35, 36) and Turkey (37, 38) Figure 2 summarizes the adjusted effect estimates of the peripheral blood studies, 12 studies are categorized into two subgroups. The forest plot shows a significant lower of CD4+/CD8+ ratio in pulmonary tuberculosis compared to healthy controls in the normal Peripheral blood studies (SMD: -0.45; 95% CI -0.65--0.25; I 2 = 7%). There are 4 studies researched on the newly diagnosed and before treatment patients compared to healthy controls, which is different from other 8 studies, based on available data, CD4+/CD8+ ratio in these 4 studies decreased more seriously and significantly (SMD: -2.17; 95% CI -2.6 --1.74; I 2 = 37%). Figure 3 summarizes the adjusted effect estimates of 5 BALF studies, which are categorized into two subgroups by the method of quantifying lymphocyte subpopulation, FCM (Flow Cytometry) and FM (Fluorescence Microscope). The forest plot shows a significant increase of CD4+/CD8+ ratio in pulmonary tuberculosis in studies of FCM (SMD: 4.75; 95% CI 3.44-6.05; I 2 =0%) , we did not report the summary effect estimates of the FM studies due to substantial heterogeneity (I 2 : 93%).
Results
Description of Studies
Outcome from eligible studies
HC Healthy Control, PTB pulmonary tuberculosis. 
Sensitivity Analysis
In the studies of peripheral blood, after removing a study with soldiers (42), the summary SMD was -0.47 (95% CI -0.71--0.24; I 2 = 18%. To analyze further the sensitivity of included studies, two studies were excluded because the method of quantifying lymphocyte subpopulation was Fluorescence Microscope instead of Flow Cytometry. The results of the sensitivity analysis show that with either Ainslie's or Marjolein's study excluded, the summary SMD were -0.46 (95% CI -0.71--0.22; I 2 = 31%) and -0.50 (95% CI -0.74--0.26; I 2 = 15%), respectively, were still near to the results before they were excluded. Regarding the subgroup of newly diagnosis, after removing a study which quantifying method was FM, the summary SMD was -0.95 (95% CI -2.49--1.59; I 2 = 0%), the result was also stable. With regard to BALF studies, we could not make the summary estimation in FM subgroup because of a substantial heterogeneity among FM studies (I 2 : 93%) and there is no need to analyze the sensitivity in the FCM subgroup because of there are only two studies. Hence, the results of the sensitivity analysis indicate that the results of our study are reliable and believable.
Publication bias
We assessed the publication bias of the literature by the funnel plot in studies of peripheral blood and BALF, respectively. Funnel plot analysis did not detected obvious publication bias as the shape of the funnel plot did not reveal any evidence of obvious asymmetry (not shown).
Discussion
T-lymphocyte subsets, particularly CD4+ and CD8+ T cells, play a crucial role in immunity against mycobacterium infections (3, 47) . In general, there were numerous researchers have studied changes of CD4+/CD8+ ratio (index of cell mediated immunity) in peripheral blood and BALF with TB patients, but they have obtained not exactly the same results. Several studies indicated that there was a significant decrease of CD4+/CD8+ ratio in peripheral blood in pulmonary TB cases due to reduced CD4+ T cells counts, but the change of CD8+ T cells was inconsistent (41, 46) . Others indicated that there was no significant change of CD4+/CD8+ ratio but significantly decreased in number of CD4+T cells (37, 40, 42) , and the change of CD8+ T cells was reduced or not changed. The studies researched on lymphocyte subpopulation in newly diagnosed TB cases before treatment showed that the CD4+/CD8+ ratio in peripheral blood was significantly lower in newly-diagnosed TB patients with a decrease of CD4+ T cell counts and an increase of CD8+ T cell counts (35, 32, 33) . And, after several months of anti-tuberculosis therapy, the CD4+/CD8+ ratio in newly-diagnosed cases showed clinical improvement, and recorded a rise to near normal (33, 43) . However, the results of CD4+/CD8+ ratio in bronchoalveolar lavage (BALF) were different. Hanpin's result showed that the CD4/CD8 ratio was significantly higher in TB patients, when compared with corresponding controls (42) . The similar result was reported by Wang's group (45) . Gerhard's research also showed that the CD4/CD8 ratio was slightly higher in tuberculosis patients than in control subjects, but the difference was not statistically significant (38) . Actually, the reduced CD4/CD8 ratio in BALF was also reported (39, 44) . These findings accord with the results obtained from previous studies that suggest a decreased CD4+ lymphocyte percentage in the peripheral blood of TB patients. This could be interpreted as indicating that CD4+ cells are critical for M tuberculosis infection. Regarding to the change of CD8+ lymphocyte percentage, and the role of CD8+ T cells in human immune responses to M tuberculosis, is not well defined. From these findings, we can hardly get a conclusion for the change of CD4+/CD8+ ratio in TB cases by consensus except in the newly diagnosed TB patients, four studies uniformly indicated the notable decreased CD4+/CD8+ ratio in the peripheral blood. We synthesized 12 studies to compare CD4+/CD8+ ratio in the peripheral blood from healthy controls and patients. Our results strongly indicated that CD4+/CD8+ ratio in peripheral blood reduced significantly, especially in the newly diagnosed subgroup. However, CD4+/CD8+ ratio in BALF studies was completely different with the result of peripheral blood studies. We used meta-analysis to synthesize 5 studies, which are categorized into two subgroups by the method of quantifying lymphocyte subpopulation, FCM (Flow Cytometry) and FM (Fluorescence Microscope). The synthesized result showed a significant increase of CD4+/CD8+ ratio in pulmonary tuberculosis in studies of FCM. However, we did not report the summary effect estimates of the FM studies due to substantial heterogeneity. Several limitations of our study should be considered. First, the studies retrieved in the analysis were full text in English searched on PubMed and Web of Science, so publication bias cannot be excluded. Second, the number of studies and participants for analysis was not large enough for analysis such as only four studies investigated in subgroup of newly diagnosis and only five studies researched on BALF. Furthermore, due to lack of appropriate data, the association of CD4+/CD8+ ratio and other important clinical parameters was not explored. Thus, better-designed studies are needed to present results that are more reliable.
Conclusion
The present meta-analysis indicates that there is synthetic evidence for the reduced CD4+/CD8+ ratio in peripheral blood in TB cases, especially newly diagnosed cases, the reduction is more severe. Differently, the CD4+/CD8+ ratio in BALF in TB cases is increased in the studies of using FCM method to quantify lymphocyte subpopulation. Further studies to understand the association between M. tuberculosis and the value of CD4+/CD8+ ratio in different parts of patients are recommended. Moreover, there is a need to further evaluate the mechanisms leading to these changes so as to understand the pathogenesis and prognostic markers of the disease and to develop immunomodulatory methods of therapy.
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